Objective: To analyse the alcohol consumption behaviour of the German adult population, with a focus on the characteristics of persons drinking more than the tolerable upper alcohol intake level (TUAL) of 10-12 g day 21 for healthy adult women and 20 -24 g day 21 for healthy adult men. Design and setting: For the German National Health Interview and Examination Survey 1998, a representative sample of free-living adults was drawn. A total of 7124 participants were interviewed comprehensively about their sociodemographic background, lifestyle and eating habits including alcohol consumption. Subjects: A sub-sample of 4030 women and men, 18 -79 years old, who were involved in the integrated German Nutrition Survey. Results: About 16% of women and 31% of men had mean alcohol consumption above the TUAL. Among other factors, the inclination to exceed the TUAL was related to middle-age, high socio-economic status, smoking and use of soft drugs. Among both women and men, a high proportion of persons drinking above the TUAL was observed among those consuming low amounts of soft drinks, fruit, poultry, milk products, bread and cake/biscuits. Women preferred to drink wine, whereas men preferred to drink beer. Conclusions: Many Germans have an alcohol consumption level above the TUAL and thus are supposed to be at increased risk for alcohol-associated diseases.
Several decades of research have shown that alcohol consumption may lead to hazardous health and social consequences. Still, it took a long time to achieve knowledge about the alcohol intake level up to which adverse health effects become unlikely for the majority of the population. Only recently, a systematic review focused on obtaining such a tolerable upper alcohol intake level (TUAL) and established the limits of 10 -12 g alcohol day 21 for healthy adult women and 20 -24 g alcohol day 21 for healthy adult men 1 . It is assumed that people drinking above the TUAL have an increased risk of, for instance, liver cirrhosis and cancer of the respiratorydigestive tract.
The purpose of this study was to gain an overview of alcohol drinking in Germany with a focus on the TUAL. The analyses are based on cross-sectional data from the German National Health Interview and Examination Survey (GNHIES) 1998 and the integrated German Nutrition Survey (GeNuS) 1998, and give a first insight into the multitude of sociodemographic and other healthrelevant characteristics that are associated with high alcohol consumption.
Methods

Study population
In total, 7124 non-institutionalised women and men between 18 and 79 years of age participated in the representative GNHIES 1998. The study population was drawn from population registries stratified for age, gender, community size and federal state. The overall participation rate was 61.4%. Participants underwent a physical examination including measurement of height and weight, and completed a questionnaire on sociodemographic, lifestyle and other health-related issues. Regular checking ensured internal and external quality. The survey has been described in more detail elsewhere 2, 3 . for men were considered to drink above the TUAL and to have high alcohol consumption. Specific information on consumption of beer, wine and spirits was used to define a person as preferential beer drinker, wine drinker or spirit drinker, if the respective beverage added up to more than half of the individual's total alcohol consumption. Alcohol as a percentage of total energy intake was calculated as [(g alcohol day 21 £ 6.9 kcal g 21 )/kcal total energy] £ 100. Further, food density variables were defined by dividing food intake in g day 21 by energy intake in kcal day 21 and, subsequently, quintiles of consumption for specified food groups were formed. Basal metabolic rate (BMR) was estimated using the Schofield formula, and low-energy reporters were defined as those with an energy intake below 1.27 £ BMR 8 . Chi-square tests of proportions were performed for descriptive statistics. All tests were two-tailed, with a significance criterion of P , 0.05. SAS statistical software (release 8.2; SAS Institute Inc., Cary, NC, USA) was used for statistical analyses, and all analyses were weighted to improve the representative status of the German non-institutionalised general population in 1998.
Dietary assessment
Results
Prevalence of high alcohol consumption
In Germany, 15.4% of women drink more than the TUAL of 10 g alcohol day 21 . About 5% of women even drink more than 200% of the TUAL. The proportion of men with alcohol consumption higher than the TUAL of 20 g alcohol day 21 is 30.8%. The proportion of men drinking more than 200% of the TUAL is 10.6%. Overall, 84.6% of women and 94.5% of men in Germany consume alcoholic beverages. Among alcohol drinkers, the prevalence of high alcohol consumption is 18.5% among women and 32.7% among men.
Sociodemographic characteristics of high alcohol consumption
The proportion of women drinking above the TUAL is highest among middle-aged women, the peak value being 22.3% among women 45 -54 years old (cf. 25 -34 years: 13.7%, P ¼ 0.0028 and 65-79 years: 10.4%, P , 0.0001). The proportion of men drinking above the TUAL shows a similar dependence on age as the one observed for women. Nevertheless, the proportions within all age bands are 12-19% higher among men ( Table 1 ). The proportion of women with high alcohol consumption increases significantly with higher SES. It is 8.7% in the lowest, 13.7% in the middle and 30.1% in the highest SES category. Among men, the inclination to drink above the TUAL is only significantly different for men of high (35.3%) and middle SES (28.6%, P ¼ 0.0065). As for geographical differences, the proportion of men drinking above the TUAL is significantly higher among those living in former East Germany (35.3%) as compared with West Germany (29.7%, P ¼ 0.0304). We observe a significantly higher proportion of high alcohol consumption among women living in cities with 100 000 or more inhabitants (19.6%) compared with communities with fewer than 5000 inhabitants (11.8%, P ¼ 0.0095) or with 5000-100 000 inhabitants (14.7%, P ¼ 0.0008).
Psychoactive substances
The proportion of women drinking above the TUAL is significantly lower among never smokers (12.1%) than among current smokers (18.5%, P ¼ 0.0003) and former smokers (23.4%, P , 0.0001). Among male never smokers, the proportion of men drinking above the TUAL is also lower (24.7%) compared with current smokers and former smokers (36.7%, P , 0.0001 and 31.7%, P ¼ 0.0051, respectively). High alcohol consumption is also associated with the use of marijuana, hashish and cannabis. The proportion of women drinking above the TUAL is 31.8% among consumers of soft drugs and 15% among non-consumers (P , 0.0001). Among men, the respective proportions are 44.5% and 29.6% (P , 0.0001). A similar association is observed for high alcohol consumption and ecstasy; however, the number of ecstasy consumers was rather small. Differences in the proportions of high alcohol consumers by quintile of food intake are presented in Table 2 for women and in Table 3 for men. Women in the lowest consumption quintile of soft drinks, fruit, cabbage, poultry, milk products and bread, as well as cake and biscuits, have a significantly higher inclination to drink above the TUAL compared with women in the highest consumption quintiles. Similar tendencies were observed among men. However, men with a relatively low consumption of juice, water, non-alcoholic beverages, cereals, pasta and sweets, as well as a relatively high consumption of potatoes, vegetables and fish, also tend to have high alcohol consumption. 21 in the first and fifth quintile of density of the specified food (chi-square test).
Drinking pattern
The percentage of alcohol from wine, beer and spirits is 61.2%, 26.5% and 12.4% among women and 27.9%, 65.4% and 6.8% among men. Spirit drinkers are less prevalent among women drinking above the TUAL (4.1%) as compared with those drinking less (11%, P ¼ 0.0001). In contrast, female wine drinkers are more prevalent among those with high (68.7%) rather than low alcohol consumption (61.6%, P ¼ 0.0192). Among men, the proportion of both spirit drinkers and wine drinkers is lower among those drinking above the TUAL. On the other hand, the proportion of beer drinkers is significantly higher among men with high alcohol consumption (76.6%) than among those drinking less (65.7%, P , 0.0001).
Discussion
According to population data for the year 1998 9 , 16% of women and 31% of men with drinking level above the TUAL are equivalent to approximately 5.1 and 9.6 million persons, respectively. Against this background, a considerable number of German adults face an increased alcohol-associated health risk. However, these figures may be understated, as persons who voluntarily participate in health surveys may be more health-conscious than the general population and, moreover, institutionalised persons and derelicts were not included.
An alcohol intake above the TUAL was most prevalent among middle-aged persons. However, the relatively high proportion of young adults with an alcohol intake above the TUAL, that is 11.3% of women and 23.9% of men 18-24 years old, is particularly alarming, since any alcohol consumption may be harmful to their health 1 . Some studies have observed a linear association between alcohol consumption and total mortality among young adults, mainly caused by accidents and violence 10 -12 .
Since alcohol is the second most energy-dense macronutrient (6.9 kcal g 21 ) and alcoholic drinks may also not be as satiating as solid foods with similar energy content, moderate alcohol consumption is supposed to promote overweight 13 . This is in line with the observed association among men 13, 14 . Among women, however, high alcohol consumption is more common among normal-weight than among both overweight and obese women. This association remained after excluding lowenergy reporters. A lower BMI with increasing alcohol consumption has been observed by others 15 -17 . Several explanations for this have been proposed. For example, the metabolism of alcohol may involve the activation of energy-wasting metabolic pathways and suppress the oxidation of other substrates 14, 18, 19 . As women are more weight-conscious than are men, women in particular may compensate for alcohol consumption by a reduction of food intake. However, some studies could not confirm this 16, 20 . Factors other than the above-mentioned alcohol substitution may influence alcohol-related energy balance, including drinking pattern, dietary composition and BMI 13, 15, 17, 21 . Furthermore, smoking habits may affect the alcohol-related energy balance of women and men in different ways 14 . In addition, results of the present study suggest that gender differences in sports activity may also play a role in the effect of alcohol consumption on BMI. 21 in the first and fifth quintile of density of the specified food (chi-square test).
As people compose their diet in the form of foods, not nutrients, we analysed the relationship between high alcohol consumption and food choice. Results of previous studies were inconsistent 13, 16, 22 , although several studies showed alcohol consumption to be positively associated with meat intake and inversely associated with the intake of fruit and milk products. Differences in culture, but also in study methods including dietary assessment instruments, may contribute to the inconsistencies. Moreover, other studies focused on differences in food choice in different alcohol consumption groups rather than on the proportion of persons with high alcohol consumption in regard to low or high consumption of specified foods, as done in this study.
People drinking above the TUAL may generally lead a less health-conscious life, which in fact was shown for smoking habits and drug use. The relationship between high alcohol consumption and sports activity and dietary habits, however, was less obvious. Our results suggest that the dietary pattern of women with high alcohol consumption is less favourable than the one of others (except for the low consumption of cake and biscuits). However, we could not observe a similar dietary pattern among men. The definition of high alcohol consumption made in this study may differ from the understanding of high alcohol consumption in society. For this reason, even people who are conscious of their health do not automatically drink less than the TUAL. This may also explain the higher alcohol consumption among persons of high SES, who are better educated and generally considered to be more health-conscious and to drink in socially accepted contexts.
We classified persons as predominant beer, wine or spirit drinkers and observed differences in the prevalence of high alcohol consumption with respect to beverage preference. Previous studies give no explicit evidence that wine consumption is more beneficial (or harmful) than the consumption of other alcoholic beverages 23 . However, some studies suggest that the preference for a specific beverage type is associated with a lifestyle pattern that reflects typical health-related behaviour 24 -26 . As the distributions of alcohol consumption and energy intake are highly skewed, neither mean nor median values reflect the true distributions. Proportions of the prevalence of high alcohol consumption are more illustrative and, consequently, are presented in this study. Although some of the observed associations with alcohol consumption may be affected by uncontrolled confounding, for instance by age, major characteristics associated with high alcohol consumption could be identified. In a next step, multiple analyses are required to confirm the presented findings and in addition to reveal interactions.
Underreporting is a well-known problem in the assessment of alcohol consumption. In the DISHES interview, consumption of any alcoholic beverage during and between meals was assessed. This method may have positively influenced the participants' memory. Moreover, by including questions on alcohol in the overall dietary assessment, the tendency to report socially accepted alcohol use might have been minimised. The relative validity of DISHES 98 was previously determined by comparing it with a 3-day weighed protocol, with a 24-hour dietary recall and, in an additional study, with a food-frequency questionnaire 5, 27 . The alcohol consumption reported in the DISHES interview was also compared with the results of a food-frequency questionnaire included in GNHIES 1998 (not shown). Assessment by the dietary recall method showed higher alcohol consumption, although the correlation of alcohol consumption was relatively high between both methods. In addition, the proportion of women and men grouped in the same or adjacent quintile of intake observed by both methods was relatively high.
Conclusions
The apparently low average alcohol consumption of 5 g (median: 2 g) per day among women and 17 g (median: 11 g) per day among men in Germany has to be considered with caution, as the proportion of persons with high alcohol consumption is relatively high. It is assumed that persons drinking regularly above the TUAL are exposed to an increased risk of ill health and premature death. For this reason, it becomes necessary to further characterise these persons in regard to health promotion projects. Such information is also important for deeper insight into the mechanisms of alcohol-associated outcomes, as these characteristics may be confounders and/or effect modifiers for the relationship of alcohol consumption to specific health effects 22, 28 . In summary, this study provides a first understanding of potential determinants of alcohol consumption among German adults.
